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Objective: The necessity of operative treatment of endotension after endovascular grafting of abdominal aortic aneurysms
(endovascular aneurysm repair; EVAR) is under debate. The proposed causes of endotension and related treatment
protocols are controversial. We report the outcome of a nonoperative approach to five patients with endotension after
EVAR.
Methods: From February 1997 to August 2004, 160 patients who underwent EVAR of an infrarenal abdominal aortic
aneurysm were evaluated for the incidence of endotension. According to the endovascular protocol, plain radiographs,
spiral computed tomography, and angiography were performed before and after surgery for follow-up. To detect
endotension, spiral computed tomography was performed by using a delayed imaging technique after the infusion of
contrast medium. Endotension was defined as an aneurysm sac enlargement after EVAR without evidence of endoleak.
Aneurysm sac rupture was defined as discontinuity of the calcific rim of the aneurysmal sac and the presence of
intra-aneurysmal fluid outside the sac.
Results:We found five (3.1 %) patients with endotension. Three of these experienced aneurysmal sac rupture. Only one of
the three was underwent operation on experiencing sudden intestinal occlusion due to intra-abdominal adhesions. This
patient had no intra-abdominal or retroperitoneal bleeding or hematoma but died after intensive care as a result of
non–aneurysm-related problems. Four patients with endotension are still being closely followed up according to our
surveillance protocol, and they are doing clinically well. After rupture, clear shrinking of the aneurysm sac was seen in two
patients.
Conclusions: Endotension after EVAR may cause subsequent aneurysm rupture. Endotension is evidently not associated
with endoleak I to III provided that the endovascular graft is maintained in appropriate position and that free
endovascular flow is observed. We propose to consider a nonoperative approach in the clinically asymptomatic patient
with aneurysm enlargement after EVAR if endoleak is excluded by well-performed imaging techniques. ( J Vasc Surg
2005;42:194-8.)The main goal of endovascular aneurysm repair
(EVAR) and conventional surgery is durable protection
from the risk of hemorrhagic death from abdominal aortic
aneurysm (AAA).1,2,3 Because EVAR is less invasive, it has
gained popularity among poor-condition patients. Treat-
ment of long-term complications after EVAR has been
under debate. Type I endoleak is an absolute indication for
reoperation in that it can cause aneurysm rupture and
massive hemorrhage.1 Because patients often have several
comorbidities, the treatment should be as minimally inva-
sive as possible, and conservative treatment, when justified,
is recommended.4
The significance of endotension after EVAR in the
asymptomatic patient is under debate.2,3,5,6 It has been
proposed that the cause of endotension may be associated
with an undiagnosed endoleak, and frequently no definite
leaking site is detected with conventional methods.4 Even
with the spiral computed tomography (CT) technique,
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194endoleak sometimes cannot be detected.7 Some authors
suggest that the reason behind endotension is intrasaccular
hygroma, which causes pressure and sac enlargement.3,8
Endotension may also be related to the graft material
provoking transudation of fluid through the graft fabric,9
and some suggest that graft infection may cause endoten-
sion.10,11 Although some advocate immediate operative
treatment of endotension,2 we adopted a conservative ap-
proach for follow-up in asymptomatic patients.
PATIENTS AND METHODS
From February 1997 to August 2004, 160 patients in
our hospital underwent EVAR of an infrarenal AAA per-
formed by 1 endovascular group that consisted of 1 angio-
radiologist and 1 vascular surgeon. The devices used were
Vanguard (Boston Scientific, Natick, Mass) in 48 cases
(until November 1999), Zenith (Cook Inc, Bloomington,
Ind) in 109 cases, Excluder (W.L. Gore, Flagstaff, Ariz) in
2 cases, and Talent (Medtronic Vascular, Santa Rosa, Calif)
in 1 case. According to the endovascular protocol and
surveillance program,12 plain radiographs, spiral CT, and
angiography were performed before surgery to identify
patients suitable for EVAR. Two or 3 days after the opera-
tion, a CT image was obtained for control. After 1 month
of follow-up, CT was repeated. At the 6-month follow-up,
CT and angiography were performed routinely, and at 12
months only CT was taken. Further follow-up involved
yearly CT, as well as additional CT and angiography when-
JOURNAL OF VASCULAR SURGERY
Volume 42, Number 2 Mennander et al 195ever desired by the clinician. Plain radiographs were ob-
tained together with CT from the second or third fol-
low-up year. CT scans were examined by an endovascular
radiologist and vascular surgeons. Whenever endoleak was
observed, additional CT, angiography, and treatment such
as re-endografting of the leaking site were considered. For
detection of endotension, high-resolution spiral CT was
performed after infusion of 2 mg/kg contrast medium
(300 mg of iodine per milliliter of iopromidum, Ultravist
300; Schering, Berlin, Germany) with delayed imaging
(70-second delay after infusion before final imaging stud-
ies). The maximum aneurysm diameter was measured from
the axial CT images. Endotension was defined as an in-
crease in maximum aneurysm diameter more than 5 mm
without any evidence of endoleak by standard protocol.
RESULTS
We identified five (3.1 %) patients with endotension
during the follow-up after EVAR (Table). The stent graft
was Vanguard in one case, Zenith in three cases, and
Excluder in one case. The mean follow-up in endotension
cases was 41 months (range, 25-59 months). The mean
preoperative maximum aneurysm diameter was 59 mm
(range, 45-74 mm). Persistent expansion of the aneurysm
occurred in all five patients until rupture of the aneurysmal
sac in three of them. In rupture cases, discontinuity of the
calcific rim of the aneurysmal sac and exteriorization of sac
Table. Patient data
Variable 1 2
Sex Male Male
Age (y) 65 57
Body mass index (kg/m2) 18 25
Atherosclerosis Yes
Diabetes
Other conditions Bladder
carcinoma
Diameter of AAA (mm) 45 58
Diameter of AAA on the
third postoperative day
(mm)
45 67
Emergency operation No Yes
Prosthesis Zenith Vanguard
Detection of endotension
(mo)
24 45
Diameter of sac after
EVAR
59 mm Rupture of sac
Follow-up period (mo) 36 59
Complications related to
EVAR
None Possible endoleak;
regrafting
Complications related to
endotension
None None
Complications related to
patient
None None
Endotension association
with endoleak
Not shown Not shown
AAA, Abdominal aortic aneurysm; EVAR, endovascular aneurysm repair.content outside the aneurysm without hemorrhage wasseen. Two patients still have an intact asymptomatic aneu-
rysm.
The first of these five patients was a 57-year-old man
with bladder carcinoma who experienced sudden abdomi-
nal pain. A 58-mm AAA was discovered at the emergency
department, and exclusion of the aneurysm was instantly
performed with a bifurcated Vanguard prosthesis. One
month after surgery, endoleak was suspected around the
proximal part of the endoprosthesis. Further endografting
of the viable proximal graft was instantly performed with an
additional Vanguard graft. Subsequent endotension was
observed 45 months after the first operation, and aneurys-
mal sac rupture without hemorrhage outside the endovas-
cular device occurred at the 52-month follow-up without
symptoms. At the 59-month checkup, the aneurysm diam-
eter remained shrunken.
The second patient was a 63-year-old man with a
history of transient ischemic attacks who underwent suc-
cessful elective EVAR of a 55-mm AAA with a bifurcated
Zenith endoprosthesis. At the 6-month follow-up, endo-
tension and a 75-mm aneurysm sac were revealed. After 31
months of follow-up, a routine CT discovered an aneurys-
mal sac rupture, but the patient has remained asymptom-
atic. Reinterventions are not planned because the endovas-
cular grafts have remained in appropriate position without
shortening of the proximal aortic neck or distal iliac fixation
area; no major endoleak has been detected; and free en-
Case No.
3 4 5
ale Male Male
6 65 63
1 33 25
es Yes Yes
es
hronic kidney
insufficiency
Previous major abdominal
operation; prostate
carcinoma
0 65 55
4 70 50
o No No
enith Gore-Tex Excluder Zenith
8 6 6
0 mm Rupture of sac Rupture of sac
3 38 25
one None None
one None None
one Intestinal strangulation;
death
Occasional
seizure
ot shown Not shown Not shownM
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obese man, with a history of transient ischemic attacks,
prostate carcinoma, massive abdominal hernia after previ-
ous major abdominal surgery, and intestinal stoma, under-
went EVAR of a 65-mm AAA (Fig 1) with a bifurcated
Gore-Tex Excluder endoprosthesis. Endotension was ob-
served at the 6-month follow-up. At the 38-month follow-
up, a migration of the upper part of the endoprosthesis was
suspected, and a subsequent reinforcing cuff was success-
fully introduced by the endovascular route. At this time, the
aneurysmal sac was 150 mm. Two weeks later, the patient
developed intense abdominal pain, and AAA rupture with
extravascular bleeding into the abdominal cavity was sus-
pected, though preoperative emergency CT did not con-
Fig 1. Computed tomography of a patient with endo
abdominal aortic aneurysm. A, The maximum preoperat
after endovascular aneurysm repair, the maximum diame
the endograft. C, After 2 years of follow-up, the maximu
depicted. D, Three years after endovascular aneurysm rep
a maximum diameter of 20 cm.firm this (Fig 1, D). At laparotomy, complete aneurysmexclusion was seen without intra-abdominal or retroperito-
neal bleeding or hematoma. However, there was intestinal
strangulation due to chronic adhesions. The patient died
after 2 days of intensive care. At autopsy, it was certified that
the aneurysmal sac had ruptured and yielded a hygroma-
like gel within the sac and surrounding intra-abdominal
cavity (Fig 2). The intravascular device had remained intact,
and upon testing its integrity by pressurizing the proximal
aorta with saline, free flow was observed only through the
distal lumen of the device, without leakage. Thus, because
intestinal strangulation and adhesions caused the acute
abdominal pain, it was concluded that death was not related
to endotension and subsequent AAA rupture.
At the last follow-up, two patients evinced continued
on after endovascular aneurysm repair of an infrarenal
ameter of the aneurysm was 65 mm. B, On the third day
as 70 mm. Note that fresh blood was present only inside
meter of the aneurysmal sac was 92 mm. No endoleak is
he aneurysmal sac had ruptured. The aneurysmal sac hastensi
ive di
ter w
m dia
air, tgrowth of the aneurysmal sacs without symptoms. A 65-
acuat
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operations underwent EVAR of a symptomatic 45-mm
AAA with a bifurcated Zenith endoprosthesis. Two years
later, endotension without endoleak and complete aneurys-
mal exclusion were demonstrated. At the 36-month follow-
up, the aneurysm had enlarged up to 59 mm without
symptoms, and the next CT is planned after 6 months. The
remaining patient is a 76-year-old man with chronic renal
insufficiency, diabetes, and coronary artery disease who
underwent successful EVAR of a 60-mm AAA with a
bifurcated Zenith endoprosthesis. Endotension was dem-
onstrated 18 months after the operation. The 43-month
follow-up revealed a 90-mm aneurysmal sac in this asymp-
tomatic patient. Again, the endovascular devices had main-
tained their former position without endoleak I to III, and
free endograft flowwas visualized. Because a short proximal
aortic neck was observed, an additional reinforcing proxi-
mal endovascular graft is planned during dialysis treatment
in the near future.
DISCUSSION
Our observational findings imply that endotension it-
self after EVAR does not require surgery in the asymptom-
atic patient. The aneurysmal sac may burst because of
endotension, because hygroma gel may provoke increasing
intra-aneurysmal pressure and subsequent sudden shrink-
ing of the aneurysmal wall diameter,3 as observed by CT.7
Fig 2. Autopsy finding of the patient in Fig 1. A, Mass
aneurysmal sac. B, Hygroma gel–like thick liquid was evThe question of whether endotension is related to anundetected endoleak IV thus remains unsolved. As long as
the patient is asymptomatic and direct endovascular flow is
secured by the intact endograft, which is in its initial place
without shortening of the proximal aortic neck or distal
iliac fixation area, as observed by CT, we continue
follow-up.
It is obvious that a type I endoleak poses a clinical
problem, because EVAR does not successfully exclude di-
rect flow into the aneurysmal sac.13,14 Consequently, an-
eurysmal sac ruptures and direct flowmay result outside the
diseased vessel. Type I endoleak was depicted in only one
case, and regrafting was performed to secure the proximal
part of the initial endograft. Endotension was clearly ob-
served several months after regrafting, which would suggest
that type I endoleak was not the sole cause of endotension.
Some clinicians suggest that endotension is always as-
sociated with endoleak, although it is occasionally not
detected by conventional methods.13 Early conventional
surgery to treat endotension is therefore suggested.15 Re-
endovascular treatment may be technically impossible if no
definite endoleak site is detected. In addition, open surgery
after EVAR may be fatal in the poor-condition patient.16
We performed emergency open surgery after EVAR in one
case because direct intra-abdominal bleeding through the
ruptured aneurysm was clinically suspected (Table). How-
ever, intestinal strangulation was observed as the cause of
sudden abdominal pain, although the aneurysmal sac had in
eurysm (20 cm) at autopsy without blood inside the
ed from the ruptured aneurysmal sac.ive anfact ruptured. Because upon autopsy no blood was found
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the endotension. Because the patient had previously under-
gone major abdominal surgery, which caused chronic in-
testinal adhesions and related discomfort before EVAR, we
speculate that bowel obstruction was not, at least solely,
due to the expulsion of gummy material into the peritoneal
cavity. Obviously, further research is required to confirm
this observation.
We challenge the conception of direct interference of
endotension after EVAR in the asymptomatic patient with-
out evidence of endoleak. There may be no clinical rele-
vance in treating endotension without a clear endoleak
site.5 Whether endotension without endoleak is maintained
as a consequence of transmitted pressure through different
types of grafts into the aneurysmal sac3 may likewise not be
clinically relevant, because direct endovascular flow is se-
cured by successful EVAR. Therefore, an aneurysmal sac
rupture may not in itself endanger the patient, as described
in cases 2 and 5 (Table).
If endotension during follow-up after EVAR is identi-
fied with CT, it is recommended to confirm the absence of
an endoleak by multiple techniques, such as additional CT,
color-flow duplex ultrasound scan, and angiography. Serial
CT may demonstrate progressive aneurysm sac enlarge-
ment with increased inflammation after EVAR, thus sug-
gesting the possibility of infection that necessitates surgical
intervention.17 Intrasaccular hygroma3,8 or transudation of
fluid through the graft fabric9 may also be related to
endotension and detected with CT, although identifying
gelatinous material from a blood clot is occasionally diffi-
cult according to liquid density. However, CT remains the
primary imaging study after EVAR.18-20
Endotension after endovascular grafting of an AAA
may increase the aneurysmal sac diameter and cause subse-
quent rupture of the aneurysm. It would be interesting to
obtain information on the length of the proximal aortic
neck as the aneurysmal sac expands. According to our
preliminary investigation, there was no correlation between
increasing sac diameter and decreasing proximal aortic neck
length or distal iliac fixation area. Endotension is evidently
not associated with endoleak I to III provided that the
endovascular graft is maintained in appropriate position
and that free endovascular flow is observed. We propose a
nonoperative approach for follow-up in the clinically
asymptomatic patient with endotension after EVAR.
These cases suggest that there may be a subset of
patients who experience aneurysm enlargement without
demonstrable endoleak and can be safely followed up with-
out intervention. The source of aneurysm enlargement in
these patients is still unknown, and rupture of the aneurysm
sac seems not to have deleterious consequences. However,
if a nonoperative approach is considered in patients with
aneurysm enlargement after EVAR, it is critical that en-
doleak be excluded by well-performed imaging techniques.
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